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TITLE 

METHOD FOR DETERMINING A TILT ANGLE OF AN OPTICAL PICKUP 

HEAD 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a method for 
determining a tilt angle of an optical head, and in 
particular to a method of calculating a minimum jitter 
value and an optimum tilt angle of an optical pickup 

10 head. 

Description of the Related Art 

As shown in FIG. 1, the optical path of an optical 
pickup head la is not perpendicular to datum plane 2a 
because of component size and improper assembly, 

15 resulting in tilt angle d. In conventional methods, 
manufacturers perform a measuring process, in radial and 
tangential directions separately, gauging the 

relationship between jitter values and tilt angles to 
obtain an optimum tilt angle for the optical pickup head 

20 la, in which the jitter value and its limit value are 
defined in CD and DVD standards. As shown in FIG. 2, the 
jitter value is generated by measuring the time gap 
between both semiperiods of data signal (Tl) and clock 
signal (T2) , calculated by Jitter = Tl - T2 in accordance 

25 with the CD-ROM standard and by Jitter = (Tl - T2)/T1 in 
accordance with the DVD standard. Another method of 
generating the jitter value is measurement of the pulse 
width (or pulse period of a Magneto-Optical Disk Drive) . 
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In addition, the jitter value and tilt angles are 
calculated by Jitter (x) = alx 2 + blx + cl and by Jitter (y) 
= a2y 2 + b2y + c2 , where x is the tilt angle in radial 
direction, y is the tilt angle in tangential direction, 
5 and al, a2 , bl , b2 , cl and c2 are unknown constants. The 
value of the tilt angle in tangential direction must be 
initialized to zero before the equation of Jitter (x) is 
obtained, and the tilt angle in radial direction is 
measured three times. Similarly, the value of the tilt 
10 angle in radial direction must be initialized to zero 
before the equation of Jitter (y) is obtained, and the 
tilt angle in tangential direction is measured three 
times . 

Equations Jitter (x) = alx 2 + blx + cl and Jitter (y) = 
15 a2y 2 + b2y + c2 are obtained by measuring three data 
points in one direction (radial or tangential) separately 
to obtain the values of al, a2 , bl, b2 , cl and c2 , 
whereby the function "Jitter" can be completely achieved 
and the minimum point thereof can be determined, as shown 

2 0 in FIG. 3 and FIG. 4, and thereby optimum tilt angle for 

both directions is obtained separately. In addition, 
calculating of optimum tilt angle in radial or tangential 
direction requires measurement at least six data points, 
and, when the tilt angle in one direction is determined, 
25 the value of the tilt angle in another direction has to 
be initialized to zero. 

FIG. 5 is a flowchart showing the detailed steps of 
conventional determination of a title angle of an optical 
pickup head of an optical drive, requiring much time for 

3 0 necessary measurement. 
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SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is 
to provide a method for determining the tilt angle of an 
optical pickup head of an optical drive, utilizing a 
5 quadratic surface equation to measure only five data 
points without initializing the values of tilt angles in 
radial and tangential directions separately, so that a 
minimum jitter value and an optimum tilt angle of the 
optical pickup head are more easily. 

10 According to the object described above, the present 

invention provides a method for determining tilt angle of 
the optical pickup head of an optical drive, applied in a 
jitter inspection device comprising a jig for simulating 
and adjusting a tilt angle of the optical pickup head, 

15 and a jitter meter installed on the jig for inspecting 
jitter values of the optical pickup head at different 
tilt angles, the method comprising the following steps. 

The optical pickup head is measured with the jitter 
meter utilizing a quadratic surface equation Z = ax 2 + by 2 

2 0 + cx + dy + e using the jitter inspection device. Next, 
five sets of tilt angles of (xl, yl) , (x2, y2), (x3 , y3), 
(x4, y4) , and (x5, y5) , for the optical pickup head are 
obtained by adjusting the jig five times. A simultaneous 
equation is created according to the five sets of the 

25 tilt angles and their corresponding jitter values Zl, Z2 , 
Z3 , Z4 and Z5, and then, the simultaneous equation is 
solved to obtain the result of al, bl, cl,dl and el. 
Next, the values of al, bl, cl,dl and el are substituted 
in the quadratic surface equation to create a quadratic 
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surface equation Z = alx 2 + bly 2 + clx + dly + el. The 
quadratic surface equation is solved to obtain a minimum 
jitter value and an optimum tilt angle. Finally, a 
barcode is produced in accordance with the minimum jitter 
5 value as a basis for adjusting the emitting angle of the 
optical pickup head. 

A detailed description is given in the following 
embodiments with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The present invention can be more fully understood 

by reading the subsequent detailed description and 
examples with references made to the accompanying 
drawings , wherein : 

FIG. 1 is a schematic diagram showing an optical 

15 path of an optical pickup head not perpendicular to a 
datum plane; 

FIG. 2 is a schematic diagram defining the jitter 
value of an optical pickup head; 

FIG. 3 is a schematic diagram showing a quadratic 
2 0 curve of a radial tilt angle ; 

FIG. 4 is a schematic diagram showing a quadratic 
curve of a tangential tilt angle; 

FIG. 5 is a flowchart showing the detailed steps of 
conventional determination of a tilt angle of an optical 
25 pickup head of an optical drive; 

FIG. 6 is a schematic diagram showing a jitter 
inspection device for an optical pickup head of an 
optical drive according to the present invention; 
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FIG. 7 is a flowchart of the method for determining 
a tilt angle of an optical pickup head of an optical 
drive according to the present invention; 

FIG. 8 is a schematic diagram showing a quadratic 
5 surface with a tilt angel in radial and tangential 
direction according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention discloses a method for 
determining a tilt angle of an optical pickup head of an 
10 optical drive. 

FIG. 6 is a schematic diagram showing a jitter 
inspection device for an optical pickup head of an 
optical drive according to the present invention. The 
device comprises a jig 20, simulating and adjusting a 
15 tilt angle (e.g. d as shown in FIG. 6) of an optical 
pickup head la, and a jitter meter 21 installed on jig 
20, inspecting jitter values with different tilt angles 
for optical pickup head la. 

FIG. 7 is a flowchart of the method for determining 
20 a tilt angle of an optical pickup head of an optical 
drive according to the present invention. 

In step SI, a quadratic surface equation Z 
Jitter (x, y) = ax 2 + by 2 + cx + dy + e is provided, 
wherein x is a tilt angle in radial direction, y is a 
25 tilt angle in tangential direction, Z is the result of 
the function Jitter(x, y) , and a, b, c, d and e are 
unknown constants . 

In step S2, a jig is adjusted arbitrarily five 
times, whereby five sets of the tilt angles of (xl, yl) , 
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(x2, y2), (x3, y3) , (x4, y4), and (x5, y5) , for the 
optical pickup head are obtained, and the optical pickup 
head is measured simultaneously with the jitter meter to 
obtain the jitter values of tilt angles Zl, Z2 , Z3 , Z4 
5 and Z5 . 

In step S3, a simultaneous equation is created 
according to the five sets of the tilt angles and their 
corresponding jitter values Zl, Z2 , Z3 , Z4 and Z5, 
creating a matrix equation, accordingly, as follows: 
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In step S4 , the matrix equation is solved to obtain 
the result of al, bl, cl, dl and el. 

In step S5, the values of al, bl, cl, dl and el, are 
15 substituted in the quadratic surface equation Z = ax 2 + 
by 2 + cx + dy + e, in which a=al, b=bl , c=cl , d=dl, and 
e=el to create a quadratic surface equation Z = alx 2 + 
bly 2 + clx + dly + el. 

In step S6, a minimum point, the minimum jitter 
2 0 value, of the quadratic surface is obtained by solving 
the quadratic surface equation Z = alx 2 + bly 2 + clx + dly 
+ el, in which the minimum point is the optimum tilt 
angle in radial and tangential directions, as shown in 
FIG. 8. 

25 In step S7, a barcode is produced in accordance with 

the minimum jitter value as a basis for adjusting the 
tilt angle of the optical pickup head. 
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Thus, the method of the present invention utilizes a 
quadratic surface equation to decrease data points 
required for measurement to five, raising product 
efficiency by 17 % In addition, by solving the 

5 simultaneous equation to enable Z1=Z2=Z3=Z4=Z5 and 
setting the upper limit of the jitter value, an 
intersection set of the optical paths for quadratic 
surface equations is obtained, in which the intersection 
set is the region to and from which optical path systems 

10 can normally write and read. 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is 
to be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended 

15 to cover various modifications and similar arrangements 
(as would be apparent to those skilled in the art) . 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass 
all such modifications and similar arrangements. 
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